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ᴾ קּ˃ ỡ◦ и

ṥ1Ṧ ︢ Ḳ תּ
ṥ2Ṧ ḭ קּ ḭךּ נּףּ Ḳךּ
        
ṥ3Ṧ צּ ︣ אל
ṥ4Ṧ פּ ︡ḭ קּ ךּ

פּ         Ḳךּ ︡פּ ךּ
ṥ5Ṧ ︣ ḵ ṕḴṖ
ṥ6Ṧṡ Ṣ נּ ḭ ṇ
        ṕ Ṗ
ṥ7Ṧṡ Ṣ ︣ ḭ
ṥ8Ṧ ︣לּ ḭ ḭ קּ Ḵפּ

פּ ךּ ךּ ṇ
ṇ ︡

ṥ9Ṧּף Ḳ
ṡ Ṣ ︣ ḱ NO ḵ
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︢ ṕ תּ Ṗ

ḭ קּ ךּ
קּ כֿךּ ḭ 45 3 כֿ

ṥ ṇ ṕ1979 Ṗḭ
ṕ1986 Ṗḭ ṕ2011 ṖṦּצḭ ︡ ךּ ︣Ḯ

ḭ נּ ︡ ︣Ḯ
ףּ ︣Ḯ 14 נּ

ḭ ṡ Ṣ טּ ḭ ךּ טּ
︣Ḯ ḭ שּ ךּ Ḯ ḭ ︡ ︣Ḯ

ḭ
ḭ ḭשּ צּ

כֿ ḭ כֿ אל ︡ Ḯ
ṡּך ḭ כֿ ḭ ︣ Ṣפּ קּ Ḯ ḭ

M8Ṍ9 30 80Ṿ ︡
ךּ ︣ṕ ể ṖḮṡ ￼ ︣ Ṣ ךּ ךּ︡ ︣Ḯ
ḭ ḱ 30 Ộỉ ︣
ḭ16Ṍ18Ṿ אל ךּ ︣ṕ6 27 ṖḮ ḭ

טּ Ḯ

︣ ︣ קּ ךּ
ḭ ︡ פּ︣ ḭ ṇ

︡ וֹ Ḯ ṇ צּ
קּ שּ ḭ ḭ צּ ︡

︡ ḭ ṇ קּ כֿ ︣Ḯ
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︡ קּ ︡ ḭ ḭ
︡ ךּ ︡ ḭצּ 8 23 ḭ

27 ︡ Ḯ85 ︣
צּ ︣ טּ Ḯẓ ּק טּ Ḯ

ḭ GX ḭ
7 ṇ ṡ Ṣ

ṡ ḱ Ṣ
2021צּ 10 ︡ 6 ṇ ḭṡ

︣ Ṣṡ נּ ︡ Ṣךּ
︡ ךּ ︡ ḭצּ פּ 1 2022ךּ 8 ḭṡ Ṣ

︡ḭ 5 ḭ ṡGX Ṣ אל ḭ
6 ḭֿכ ︡ḭ ︡ לּ ︡ ךּ ︣Ḯ

 ṡGX Ṣ ḭ ︣
נּ ךּ ︣Ḯ ḭ ḭṡGX Ṣ

ḭ 2 ṡ Ṣ ︡ 7 ṇ
︡ ︡ ḮṡGX Ṣ ṡ 7 ṇ Ṣ

ḭ ḭ40 נּ ︡ḭ60 נּ ḭ
ḭנּ ︡ ךּ ︣Ḯ

10 21 ︡ ṡ ḱ Ṣ ḭ צּ ṡ
Ṣ אל ︡ לּ ︡ ךּ ︣Ḯ

ḭ ḭ בֿ טּ ︣Ḯ שּ ḭ
︣ ḭ ︡ ךּ ︣Ḯ
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ṡ Ṣ נּ
ḭ ︡ ḭ צּ ḭשּ

ḭ ︣ ḱ ṇ
2023 ṕ2020 Ṗ ︡ ︡ Ḯ ḭ

ṕkWṖ ︣ ︣ Ḯ

רּ
︡ וֹ ḭ ḭ נּ ḭ

טּ 2 ḭ 2 אל ︡ Ḯ ḭ
2 ḭ 6ḭ7 ḭ 3 ︡ ךּ ︣Ḯ

ṡ Ṣ נּ
צּ אל ḭצּשּ 40 נּ ︣Ḯ

1Ṍ4 ḭ 3 ḭ ḭ 1 ḭ︣ 40 נּ ︣Ḯ
2030 ḭ ṕ2025 Ṗ ṕ33 Ṗ 17 צּ

︣Ḯ שּ ḭ ḭ 7 5 צּ
︣Ḯ︣ 50 נּ 1 ḭ 14 50 נּ

2 ḭ 50 נּ 3 ︣Ḯ
︡ Ḯ

ḭ3
︣ ṇ ︣Ḯ

קּ שּ ḭ ︡ ḭ ṇ
קּ ḭ ︡ לּ ︡ ךּ ︣ṕ ṖḮ

ḭ ךּ ︣ṕ ṖḮ
ḳ ḭ 5 ḭ ḭוֹ ︡ ךּ
︡ ︡ Ḯ
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ḭ קּ ḭ צּ ︣Ḯ
ךּ ︣Ḯ

כֿ ḭṡGX Ṣṡ 7 ṇ Ṣ
︡ḭṡ Ṣ ︣ ︣Ḯ ︡ Ḯ

ṡ Ṣ ḭ וֹ
ḭ ︡ ḭ ︡

︡ Ḯ ︡ḭ ḭצּ ︡פּ ḭ קּ ︡ḭ
ṇ נּ ךּ ḭ ḭ ḭ

︣ כֿ ḭשּ ︡ḭ ṇ ṇ
︡ ךּ ︡ Ḯלּ ḭ פּ ︡ ךּ ︣Ḯ

ḭ ḭ לּ ḭ ︡ḭ
︡ לּ ︡ ךּ ︣Ḯ

ṇ נּ ḵ
ḭ ḭ צּ ḭ ḭ ṇ פּ

ךּ ︣Ḯ ṇ ︣ ḭ פּ︣ ḭ
ךּ ︣Ḯ

ḭ כֿ︣ טּ Ḯ צּ ︡
Ḯ ḭ ṇ וֹ ךּ

ṇ ḭ ṇ צּ ︣Ḯ
ḱ ḭ פּ ךּ ךּ ṇ

︡ḭ ︢ ṇ ︡ ךּ
ךּ ︣Ḯ

︡ḭ ṇ ︡ ḵלּ
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ᴾ ľ 
ᵅṖΉϹĶ⅝ᵮĶĜĹē
⁵ ĽἪĺęėĹē

ĬĽḣ
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Ϭ ͒GϬ ͒ Ἁ▬ ὶ ͒HĽ
ŪƏƭŰ:ľ ͯϹ ͒ŪƏƭŰ:Ľ

₲100

ὶ$ҸἽ
ŪƏƭŰ:

͒ ͯϹ ͒ Ϭ ͒

⁵ ě−ּק
ĦĵēŚуӨ

ᴾẪ ͒ 
Ἁ▬Ľ −

MeV
OM(ơƬŬƵ)=100 P

→ĶĜŚ
ͫ

`2000k ₲͡k

eV (ŪƮűƊƯƵƞƭƊ)%1 ͒đĮřĽŪƏƭŰ:Ľ ĜĤš Ĩ ˂

8

eV



ᴾ ĺŎŚϬ ͒ŪƏƭŰ:Ľ ĤGᶓ ᴾ H
ḱ ︡ 235 ḳ  1 kg ṕ Ḳ
   0.68 g ṖḮ 51.55 kg 235 ṕ
   ḳ80.4 ṾṖḮ ḭףּ 235 22.8
   kgṕ100 kW 6 235 Ḯ ḳ4ṾṖ
ḱ ṇḳTộở ︣ 16,000
ṕTộở  1 ḳ 40 m Ṗ
ḱ ḭ  600 Ỳ ḳ ḭ ḭ
  ṕ ḭ Ṗ
ḱ 9,600 Ỳּפ Ḯ פּ 43 ḭ
  100 ṹ ḭנּ ḭ3,000 Ṍ
  4,000 ṹṕ וֹ ḳ שּ 1,500 ṹṖḮ וֹ ḭ
  Ḯ ḳ 10 ḭ ḳ 440 mṕ 1,600  km)
ḱ פּ 500 Ỳ צּ וֹ ḭ Ḯ 9Ṍ 
  12 Ḯ 35 צּ Ḯ1945 14 צּ Ḯ
ḱ פּ  3 km Ḯ

ṇ

ṕ ṇ Ṗ
ḳ0.71 m
ḳ3.05 mאל
ḳ4400 kg
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ᴾ ĺŎŚϬ ͒ŪƏƭŰ:Ľ ĤG ṡᴾ H
ḱ ︡ ḳ  1 kg ṕ
   Ḳ0.95 g ṖḮ 6 
   Ḯ ḭףּ 239 5.6 kg 
ḱ ṇ Tộở ︣ 21,000
   Ṍ22,000 ṕ 1.5 Ṗ
ḱ ḭ 503 Ỳ ḳ ḭ
   ḭ ṕ ḭ ṖḮ
 ṕ Ṗ; 50Ṿḭ 35Ṿḭ 15Ṿ
ḱ 9,000 Ỳּפ Ḯ פּ 4 ḭ ṕ
   ễỂ mṖ ễỂ Ṍ100 ṹḮ
   ḭ3,000 Ṍ4,000 ṹḮ
ḱ 7 4 Ḯ 24 צּ Ḯ ḭ 36Ṿּצ ḭ  
   Ḯ פּ 1 km ḭ פּ
ḱ 7.4 Ḯ 24 צּ ṕ צּ צּ פּ
   ḭ ḭ צּ אל Ṗ
ḱ פּ 2 km Ḯ

ṕ Ṗ
ḳ1.524 m

ḳ3.2512 mאל
ḳ4672 kg

֦ ︠ ֦ ︠ ự ᵗήϦθⱬԚρ
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$Ϭ ͒GϬ ͒ Ἁ▬ − ͒H
  Ķľ ĸŢĹͯϹᴕḀő ηĤśŚ
$1Ϭ ͒ĺŗĲĵ100 őĽͯϹᴕḀě
  ╕ ĤśŚ

Ϭ ͒ľ ͯϹ ͒ĺŗĲĵщ ĺ
ľ⅝ᵮĶĜĹē

11

− ỷGDNA ƁƵƓűĹĸHľ
0.1 eV ˀͮĽŪƏƭŰ:ĶͯϹᴕḀ
G100kš̯ėĵ−ĜŚ− ľ҆H

¦ ĺἨřḗōśĮ Ἁ↑ ỷĚŘ1ε
Ἁ▬ěĶśĿ1,000 őĽ ĽͯϹᴕḀ

ě╕ ĤśŚG H



ᴾ ľ ᵅṖΉϹĶ⅝ᵮĶĜĹē ⁵ ĽἪĺęėĹē

ᴾ ỎᵖĽ ϓĽ₀ Ĥ

Ɍ- 1 Ϭ ͒ŪƏƭŰ:ľ

¶ᴾẪ œẠ ṈŎϬ ƙ:ƭ
Ľ Үĺľ Ľ₣ě

¶ Ү₣ĽӜӈě ╟ėśĿ 

ὼỖĺὫ Ỏ ĺ

ὼỖĺ⁮ᶺĨŚỎᵖŇĽ ͒ľỂ
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Ɍ- 2 ᴾ ΣḌỎᵖľ 
ᴾ ķľ ϴĺĹŘĹē Ľ
Ἁ↑ ỷGẸĽυHš ὶ

100 kWĽᴾẪ š1 ̓ ĦĮķĜĽ−→ Ἁ↑
ỷĽ ľ 1 t Ķ ᶓ ᴾ ěŘĿōēĮ

Ἁ↑ ỷĽ 750 g Ľ 1300

−→ĨŚ Ἁ↑ ỷĽ
Ἧ őˑĹŚG ᵂѻ ỷH
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Ɍ- 3 ᴾ Ὣ ỎᵖĽ ϓľ
ᶓ˞ĺęŗŅ

ὶĤśĮ Ἁ↑ ỷľ Ỏᵖ ֕ š͌░ĤĪ
ŚįĠĶĹĞ ĺŗĲĵ̓Ŀś ˿ĺŗĲĵ᷅
ͮĨŚĚŘ ͌░ ˞ľԆŐĵᶓ ˅ĺᶓěŚ!
GΑṉě10 km ╣ĺ ΑĨŚĢķľĹē!H

ᴾ ỎᵖĶľ 
$160 km͟ ḀĺēĮ ֩ ƋƌƭƋ$Ʈ:ŮƵő
‰ḈĹ G 400⁵ě $ ῑ 20⁵Ẹ 'H
$ 50 km śĮ ћֹוő☺ֹו
$ 200 km śĮ ӛœ╤ ĺő᷈ Ľ Ἁ↑
ỷě᷅ͮGḾᾑĺ ě ӛĺᶆĚĲĵēĮŘ'H
$ ὶĦĮ Ἁ↑ ỷľτ ĺῶĲĵᶓ ˅Ľτ˞
š͌░
ṕ2024. 10.28 ḭ לּ Ṗ
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Ɍ- 4 Ἁ↑ ỷĺŗŚ ϓľ
ѻĺęŗŅ

ΑỎľ ₣šĚĠŚĢķĺŗĲĵΉΑĶĜŚ

Ἁ↑ ỷš ⁵ˏ ĺ Ἁ↑ ỷĺ
иĨŚĢľ ˍĶĹĞGᵅỸ ĺľ ; H 
Ἁ↑ ỷěʸ ỷGϬἯHĺĹŚōĶĺľ

ᵂѻĽ͵ὣ őĽỖѕš ĨŚ

ėĿ ᵂѻ 24,000 ĽƙƭƊƍŨƢ239š
1/10000ĺᵂᾶĤĪŚĺľ 32 ĚĚŚ
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ᴾ ľ ᵅṖΉϹĶ⅝ᵮĶĜĹē ⁵ ĽἪĺęėĹē

ᴾ ľ ѬᴹԆōřĹĞ ѻ шš Ħ 
ᶺĜῺĽĹēẠ ṈŎϬ  

Ἁ↑ ѽ šẙĨ
  



ᴾ ľ ᵅṖΉϹĶ⅝ᵮĶĜĹē ⁵ ĽἪĺęėĹē

ᴾ ľ ⁴ĹĸĽỡ◦ṉϓĺ⌠ἥ

ḭ170 km ḭ1700 km ṇ ḭ

65000 ḭ30000 טּצּ Ḯ

ḭ וֹ צּ ךּ

שּ ḭ ḭֿכ צּ ︡ ךּ Ḯ

קּ ךּ Ḯךּ

ш  ᵃⱪỰĹĸĶ

︣ ḭ
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ṕ2022 Ṗ
HP

18
וֹ



︡ ךּ וֹ
ṡ ךּ Ṣ ︢

19



20

צּ
ṇ קּ שּ ḭ

︣
ἲ

ṡ Ṣ
נּ ḭ ṇ



ᴾ ě ҽͯĨŚķ
ĤŘĺѬᴹ

21



ᴾ Ľẚ♯Ŏ
ͽʫ₣יᴾ GPWR)
G ή1᷿ѾˀϑĽἣӴĽᴾ H

ӊ Ṁ
ˢ157ṓӊʺ
320ᴈχ ˣ

Ṑ

ˢWikipediaϢϤˣ

ᶊ Ṁ

Ќ˔Рр

ṓ
Ṁ

ˢ60ṓӊʺ
280ᴈχ
ṓˣ

Ḛ

ᶋ
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ӊ Ṁρ
ṓ Ṁχ ╣ Ῥͥ͝ϢϤ

1Ṑχᾖ τ
3˙4ṁχ ṓ Ṁ
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ṕ 3ḭ4 Ḳ 3ḭ4 Ṗ

ḱ ḳ193
ḱ ḳ 1 טּ 264
ḱ ḳ 1 cmḭ cmḲ 1אל

10 gṥ 8.8 g ḭ235 0.35 g ṕ
4ṾṖṦḲ 1 300 Ḳ

1530
ḱ ḳ143
ṥּל 5.7 צּ 235 ṕ 5700 ṖṦ

3ḭ4 MỚợ
ḱMOX ṕ239 4.1Ṿ Ṗḳ 40
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Ḳ 4.5 m ḭ 3.4 m ḭ
Ḳ 21 m ḭ

Ḳ ṕ Ṗḳ

3400 ḭ
22.2 mm ḭ  1.3 mm ồớ

 ҁ −Ѯ ш

 1.3 mm

ṕ320 ṹḭ
157 ḳ280ṹḭ
60 Ṗּצ

Ḯ
ḭ

ךּ︡ Ḯ
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ᴾ ľ ҽͯĨŚķ 
Ὣ ỎᵖĽϯ ěһ+ĨŚ

$᷈ͫ ᷈ʫͮĶ᷈ Ἁ▬GķĞĺ ↑ẪHĺ  
  ĤŘĤśĮʫ ѮĽ⌠ͯGīēĚH Ү₣š
Śה шĽ ‗ ᵂ GġŢĺĞH Ү₣ƟƵ
ƙœ⅝ᵮשĺה ĨŚų:ƘƭĽ Ľ ͯě⁮
ŢĶēŚ!ᵺиὶ Ĺēʫ ѮĽ⌠ͯľ‰Ḉ!
$ᴤ╚Ỗĺľ ķĤśĮě ᵅṖĽѯᾈĶľ
  ķᶳėŘśŚ ľֿפ₲đŚě ☺ĵěᴳ Ĥ
  ś π◘ĤśĵēŚķľᵈėĹē! ėĿ ⁴
  Ľ ĜĤšΣᾴ ͻĦĵēĮỖ ĺṥŘśĮᶣַא
  Ľ Ķᵺи ; ĹőĽGʫ ѮĹĸH!
$ᴤ╚ ỖĽҊ ěẋ˥ĦĵēŚ; ↑ěđř ƣ
  ƵƈƌƵŻĺằ΅ķĹŚ!
$ᴤ╚ Ỗš ŚҘίἐľ ĸēĹēĽĶ ´Ỗ
  Ľ ͒ĺḛ š−ħŚ!
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ҽͯĺ ĕ

ɋʫ ѮĽ⌠ͯ

⌠ͯGīēĚH
ὦ ↑ěđĲĮṗ ěᵏĞ 

őŜĞĹŚĢķ

27



ʫ ѮG᷃ HĽ⌠ͯ
̓ ľ ↑ẪĹĸĽ Ἁ▬ĺ

ĤśĵēŚ!

28

ʫ ѮĽ
⌠ͯͫ G⌠↑◒˒ͫ Hľ
̓ ѻѕě ĞĹŚķῲ῁

ẠēầŐ- k ᵭ¦ k
18 ᵭ¦ k ᵭ¦ k

40 ˀῲĶľ kš ėŚ



⌠ͯͫ ěῲěĲĮʫ Ѯšổĳ
ҽᴾẪ ěԜһỎ G ҮṗⱪỰH

ĺјĲĮķĜ 
¦ Ү₣Ķһ

⌠ͯͫ G⌠↑◒˒ͫ Hˀͮĺ
һ ĤśŚķ 

ŮƫŻšһ ĦĮķĜĽŗĕĺ 

¦ʫ Ѯě GЅśŚHתּ

¦ ỎᵖˀῲĽỎ šιĞ; ↑

29



ҽͯĺ ĕ

Ɍ шĽ ‗ ᵂ

ĨŚ шƊƫƘƭ
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⁭σ͍ⱳὉ Ḛχ

‰ᴛʾ‰ӊ
˦ᴥӊ ἷᾖ ˢPWR)πψ320̆̋157ṓӊˀ

ἷᾖ ˢBWR)πψ280̆̋70ṓӊ˧
Υ ϦοΜϥ

1ⱳὉ ḚΥʺḁ τ βϦωʺ
ᾖ◓ Υ ΰʺ

ᾖ◓ ΥἋ Φτσϥᴦ

PWRĶľ  ҁ −Ѯ шĽ
ᾥě‰Ḉתּ

31



︡ḭ אל

3ḭ4
  3 טּצּ Ṅ 3382 ṕ  10146 Ṗ
טּצּ Ḯ
אל ṕ :10 ṾṖ

  3 ṕ2023 11 9 Ṗ372 צּ ḳ 3.7Ṿ
  4 ṕ2025 7 23 Ṗ423 צּ ḳ 4.2Ṿ

אל ṕ4 Ṗ
1990 Ṍ2018 ︡ פּ ḭ

2019 Ṍ2025 פּ ṕ אל Ṗ

32

͒ ‗Ѕś
‗ě−ħĮṗ ĺ˰ ͒ (ṗ ě

˰Ĳ ŘśĮķĜ ṗ ĺ−ħŚ
ᶙ )ěͽŞĲĵ −ĨŚҒ

GЅśH!Ḁ֖Ķ −!



3ḭ4
( פּ )

᷈ͫ ᷈ʫĽ Ἤ ᴙͮĶ Ү₣ ĺỡ◦ −ĦĮ
ĤłĽζGŻų:ƭHĹĸě Ү₣Ľ śĺῶĲĵ
 ҁ −Ѯ šᾌĲĵ шšּתᾥĤĪĵēŚ!

1ⱳ
Ẁ

2
ṕ Ṗ

ṇ

Ḛ

33

ṕEDTA) אל
Ḳ 1 טּ 2

ṕ3 Ḳ4 Ṗ

2022 ṕ 24 Ṗḳ 670 kg

2023 ṕ 25 Ṗḳ 1,310 

kg

3 Ḳ2026 6 Ṍ10 ḭ4 Ḳ

2026 10 Ṍ 2027 2



34

פּ ︡ḭ
קּ ךּ

ḱ ︣ ṇ ךּ
ḱ קּ שּ
ḱ ḭ צּ ︡

︡ ḭ ṇ
קּ כֿ
ḱ ︡ קּ ךּ
ḱ קּ ︡ ḭ ︡
ךּ צּ ︣ ךּ
ḱ קּ וֹ ךּ
ḱ

  



Ạ ṈϬ Ľ −ķ ш
  ︣ ḭ

ṕ ḳ Ḳ 135 Ṗּצ
︣ ḭ צּ ︢ Ḯ︡ צּ
ḭ ︣ כֿ ￼ḭ
אל ḭ
︠ שּ ḭ

צּ ︣ Ḯ

35

ḭ

︣ פּ ḭ
אל ḭ ṇ
︡ ḭ

וֹ
Ḯךּ

ṇ ṇ

ṇ



ṡ קּ ︡ Ṣḱ ṇ
ṕ ṇ Ṗ

ṕ 22אל
)

36



ṇ ךּ
ḭ2025 3 ḭ צּ 19900
ṕ Ṗḭ ︡
︡ וֹ ḭệ ḭỈ ṕ12 Ṗ

ṇ נּ Ḯ
ḭ 3 ṕ7 Ṗ ṇ ḭ

4450 לּ 87Ṿ 3880
צּ אל ךּ ṕ2025 2 ṖḮ3Ṍ5 ḭ
ḭ ḭ ṇ Ḯ

ṇ צּ קּ שּ ḭ
ḭ צּ ︡
︡ ḭ ṇ קּ כֿ Ḯ

︡ קּ Ḯךּ

ṥ Ṧṡ Ṣ ṡ Ṣּפ 1 ṧ1 נּ
︡ ךּ Ḯ ︡ ṡ

ṢṬṡ ṢḮṕṡ ḭ
1 קּ ︡ פּףּ וֹ Ṣךּ ︣ טּצּ
ḮṖ
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ṕ2023 9 5 Ṗ

39Ṿ
56Ṿ
23Ṿ
94Ṿ
88Ṿ
81Ṿ
87Ṿ
22Ṿ
77Ṿ
82Ṿ
87Ṿ
68Ṿ
81Ṿ
84Ṿ
85Ṿ
69Ṿ
84Ṿ
77Ṿ 77

38



ṇ צּ ḭ קּ שּ
  ḭ ḭ ṇ

ḭ צּ ︡ ṕ נּ ḭ15 ︡
Ṗ ṇ פּ ︡ ṕ Ṗ︣ כֿ
ḭ ṇ קּ ḭ ︡ לּ ︡ ךּ Ḯ

39

ṇ ṕ Ṗ

      3 710 / 930 6
ṧ500 (2025 7 1 Ṗ ẓ     29

3ḭ4 980 / 1190 5
ṧ290 ẓ 10
ṧ440 ṕ :2027 ) ẓ   21

1ḭ2 3224 ṕ 1500 ḴṖ
7~8 צּ ẓ 6
ṧ560 ṕ 250 ḴṖ ṕ10 24 Ḳ

2029 ) ẓ 13

ṕ צּ ︣ Ṗ ḭ
︡ ḵךּ

ḭ ḱ אל
ḭ ︣ ḭ ḵ



︡ ︣
1996 ṡ ︣ Ṣ ḭ

︡ Ḯ צּ
︣ ḭ קּ ︡ טּ Ḯ
ḭ1997︡פּ︡ אל ךּ ḭ
ḭ Ḯךּ

2021 ḭṡ 2023
︣Ḯ וֹ ︣

Ṣ ︡ ḭצּ ︡ ךּ Ḯךּ
ḱ 3 ḭ 1ḭ2

טּ Ḯ
ḭ צּ 2023 6 ḭ ︣
5Ṿפּ￼ ︣ ︡ḭ ḭ

8 ḭ ︡
ḭ Ḯ
אל ḭ10 ḭ ḭ

ḭּפּך Ṅ צּ
טּ פּ לּ וֹפּ ṡ ṇ Ṣ ︡ Ḯ

︣ ḭ צּ שּ ṡךּ
ךּ Ṣ טּ כḭֿצּ ︡ Ḯ
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ḭ

ḭ 2023 10 ṇ ḭṡ
︣ Ṣ

︡ḭ וֹ Ḯ

ḭ ︡ ךּ Ḯ
שּ ḭ טּ Ḯ

ḭ ṇ קּ ḭ
︣

ṇ 3Ṍ6 ḭ ︠
שּ ḭ ṇ קּ לּ ︣ Ḯ

צּ ︡ ḵךּ
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︢
ṕ ṇ
וֹ Ṗ

ṇ

ṇ

ṕ Ṗ

︢

100 1 

ṇ

ḱ
ṇ

ṇ ṇ

ḳ ṇ
; : 6Ỳḭ :אל 9Ỳḭ :אל 5Ỳ

ḳ 10 100 t ḭ ḳ
32 350 t ṕ 1 Ṗḭ 10

110 t ṕ 2 Ṗḭ ḳ 23
250 t

ḳ2026 Ṍ30 ḭ ḳ 
2025 Ṍ27 ṕ 1 Ṗḭ 2025 Ṍ30
ṕ 2 Ṗḭ ḳ 2025 Ṍ30
Ḯ

42

ḳ5.2 m
ḳ2.5 ḭ2.6 m

ṕ15 ︡ Ṗ
ḳ21ḭ24

ḳ60



27 ḭ
ṇ

צּ ṇ ︡ ḭ ḭ2024צּ 8
23 ḭṡ 2026 ︣
Ṣ ḭ27 ṕ 2 Ṗ ︡ כֿ

︡ Ḯ

פּפֿלּ ḵךּ צּ ךּ ךּ ךּ ךּ
PUREXṕPlutonium Uranium Redox Extraction Ṗ ḳ

1940 אל
85 נּ ḱ

 
ḭMOX קּ ךּ

︡ ךּ 1/4 צּ
︣
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Ṿ

10

ể

0.01

0.1

233 U

235 U

239 Pu  

100 120 140 16080

MOX
צּ

106.42

102.91

101.07

ṕ Ṗ

ṕ Ṗ
91.224
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קּ
 ḭ וֹ ḭ

2024 9 5 ḭ ︡ḭ
וֹ ṡ ṇ Ṣṕ2023 10 Ṗ ṡ
︣Ḯ טּ צּ︡ קּ ךּ ḭ

ḱ 1ḭ2 ḭ 3 ︡ Ṣךּ ḭ ḭ
︡ רּ Ḯ

ḭ︡פּ︡  ṡ טּ ṇ Ṣ פּ
פּפּ ￼ḭ ṕ 3 Ṗּצ רּ ḭ

אל ךּ Ḯ
ḭ ṣṡ

צּ Ṣ ḭ בֿטּ
קּ בֿ ︣Ṥ ṣṡ בֿ

צּ Ṣ ḭ בֿטּ
קּ בֿטּקּ ︣Ṥ ּק נּ קּ ︡ Ḯלּ

ḭףּ 9 5 ḱ ḭṡ
Ṣ ︣ Ḯךּ ṇ צּ ︡ ḭṡ
Ṣ אל וֹ Ḯךּ
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ꜛ Ẁᴦ ˢ᷃꜠ ᴦ
ˣσ ᵗ ˀ2 kW/t
ˢ χ ˣ

MOX χ Υ ΦΜ ˀ
ϯЮзЄϳЭχ Υ Ψʺ
ᵗ Υϳжр χ10

Ạ ṈŎMOX Ľ ľ 
ŨƫƵ ĺ ňĵͮěř ē
G ƙ:ƭ ĺ ἒH

$ ěͮěř ē¶Ạ ṈŎŨƫƵ Ľ4 ˀῲ 
  ѻĺŞ ĮĲĵƙ:ƭ Ķ₣ шĦĹĠśĿ ֩
  шě; Ĺ  ĺĹŘĹē!GẠ ṈŎ ш
  ƙ:ƭľ⌠ἥ!H
$Ạ ṈŎMOX Ľ š 50 ᵭĽẠ ṈŎŨƫ
  Ƶ Ľ ƮƛƭĺĨŚĺľ300 ˀῲš ĨŚ!
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MOXṕ ḱ Ṗ
ṇ ︣  ( : 4Ṍ9%)

3ḭ4 ḭ 3 ḭ 3
ṕ ; 2 ḭ Ḳ Ṗ



פּ ךּ
︡פּ ךּ

47

ᶋ ™ ρψ?
ḭ ︡ קּ ḭ

צּ ḭ ︡ ḭ ṇ
︡ ︡ לּ ︣ Ḯ

ẁ וֹ
   ḭ

ṕ Ṗ
ḱ Ḳ 800 Ṋ ṕ8 Ṋ )
ḱ Ḳ
ḱ ḭ ḱ



ḭ ḭ ḭ
︣

︣ ḭ אל ṇ
︡ḭ טּצּ ︡ ḭ
טּ ( ) Ḯ ḭ

︡ḭ ṕאל Ḳ Ṗּפ ︡ḭ ḱ
︣ Ḯ

  ḭ ︢ ךּ
ṕ ḭ ḭ Ṗּצ ḱ

אל Ḯ ︡ ḭ וֹ Ḯ
︡ ḭ ḭ ṕ Ṗ

ḭ ḭֿכ
︡ ךּ︣ ךּ ︡ṕ ḳPUREX
Ṗḭאל ︡ ︣ Ḯ
כֿ ḭצּ ︣ ṡ

ṕ Ṗ Ṣ ︡ ︣ Ḯ
אל ךּ צּ ṕ Ṗ Ḯ קּ וֹ
Ḯךּ
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ﬞ ─ ⌂ ≤∕─

ḱ

ḱ

7
100 ̆

30ṾTBP

 

ṙ 1Ṛ Ḳ ḭ
ṙ 2Ṛ ṕTBPṖ צּ ︡

︣

ṕ 85ḭ
129 Ṗ
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http://www.cnic.jp/wp/wp-content/uploads/2012/07/process.jpg


ḭ ẓ
פּ ḭ צּ

ḱ ḭ ḭ ︢
ךּ לּ ḭ
טּ פּ ḭ m 150אל פּ אל Ḯ

ḱ ḭ ḭ אל
ḱ ḭ ︡ ךּ ḭ צּ
ḱ ṕ ḭ ḭ Ṗּצ כֿ ḭ

￼ḭ
ḱ ︣ ḭ

אל ḭ ḭ צּ ︢ḭ צּ קּ אל
ḱ צּ ḱ אל ḭ

צּ ṕ Ṗ
ḱ טּ פּ ḭ שּ ḭ

︡ḭ אל Ḯ ḭ
ḭ 10,000 טּצּ ḭ אל

1,300 km ṕּל ḭ ḭ ḭ צּ
60 km Ṗḭ רּ 26,000 Ḯ

כֿךּ לּ וֹ Ḯ
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ḭ︣ 2 2000 ︡ḭ ḭ
1993 ︡ḭ1997 טּ ︣ 27 
אל ￼ḭ ḭ פּ Ḯךּ

ḭ ḭ 2013נּ
ḭ 11 ṕ 3 3700 ḭ ḱ 6

800 ḭ 2 2000 Ṗ טּ ḭ2021צּ
6 14 4400 ḭ 17 5000 אל ךּ Ḯ

צּ  ḭךּ Ḯךּ

צּ וֹ ḭ
ḭ ︡ ḭ

ṇ ︡ ︡ לּ ︣ טּ
פּ ḭ ︡ ︣ ḭ
Ḯ

צּ כֿ ḭ ︡ ḵלּ

GẠ ṈŎϬ ľ ᵅṖľSỉẏTķĤśĵēŚě 
ḽᾐ ě ĤśśĿ βĹSϬĽŶơTH
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צּ פּ ךּ 1

ṡצּ Ṣ ḭצּ
צּ ￼ צּ קּ ךּ

ḭ2006 Ṍ2008 ךּ
ṕ Ṗּצ ḭ

ךּ אל ךּ Ḯṕֿכ
ḳṡ Ṣ
צּ אל ḭṡ Ṣ ṇ
כֿ ḮṖ

ḭ ︡ ךּ צּ
אל ףּ ḭֿכ אל ךּ Ḯ

ḭ אל
ךּ שּ פּ ḭצּךּ
לּ ḭ2010 7
אל ךּנּ קּףּצּ ḭ אלצּ

250Sv/h ︡ ךּ כֿ Ḯ
כḭֿצּךּ לּ אל צּ

טּ צּ ךּ ︣ כֿ קּ Ḯךּ ḭֿכ
ḭ פּ 12 ṇ פּ 2

ṇ ṇ כֿףּצּ Ḯ
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HALW

︡ ︣  
LFCMṕLiquid Fed 
Ceramic Melter Ṗ Ḯ

︡
ךּ ḭ
AVMṕAtelier de 
Vitrification de 
MarcouleṖ Ḯֿכ

ḭ
ṇ ṇ
ṕּ︡פ Ṗלּ

ךּףּ
︡ ḭ

︣ Ḯ

53

LFCM τϢϥϹжІᾧᴟ
꜠ ˢᾖ◓ ϢϤˣ

ṕ Ṗ

ṇ

ṇ
ṕ

Ṗ

אל 1.3 
Ỳ

40 cm

צּ פּ ךּ 1
קּ

ḭ ︣ HALW
ṕHighly Active Liquid Waste Ṗ ḭ ︡ ḭ 30 פּ 50

ḭךּ ḭ ךּ ṕ Ṗ︣ Ḯ
︡ ךּ ḭ ḭ



PWR 
4.5
50GW /

5

Pu 1% FP 3%

Minor Actinides 
MA 0.1%

: צּ
Ḯ ︣ ︣ Ḯ
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U 96 % (235U 1%)



ẓ ︢
ẓ שּקּ

ṕ SiO 2: 80% ḭ B2O3: 13%ḭ
Na 2O: 4 Ṿḭ Al 2O3: 2Ṍ3ṾṖ

︢
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︣ḵ

ḭṡ צּ Ṣ
︡ ךּ Ḯֿכ קּ Ḯ פּ

טּ פּ כֿ ︡
Ḯ

ḭ︡פּ︡ ḭ
︡ טּ פּ ḭ Ḯ

ḱ ṇ
15 ḭ 40 Ḯ
ḭ פּ ︣ ỉ
צּ Ḯ ḭ אל

ךּ ︡ טּ Ḯאל ḭ
ḭ צּ Ḯֿכ

ḭ 200
︣ לּךּ טּ Ḯֿכ ḭ

וֹ ︡ ךּ Ḯ
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2020 2,500
2300

220

26,000

200
120
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ṕNUMO Ṗ
2017 7 28 אל ṡ Ṣ ḭ

Ệ ḭוֹ
︡ Ḯֿכ ḭ
ṕNUMOṖ ḭ טּצּ אל

ךּ ḭ
וֹ לּ לּ ︡ לּ Ḯ

פּ אל שּ︡ ךּ ￼ךּ
ḱ כֿ צּ Ḯ

שּ︡ ךּ ḱ
︡ ḭṕểṖ ḱ ṕỄṖ
ṕễṖ ḱ ṕỆṖ ṕệṖ
ḱ ṕỈṖ ṕỉṖ

ṈṈ ỉ Ḯּך￼ פּ
︡ אלוֹ Ḯ

ṇ ṕ Ṗ
וֹ ṇṕ

טּ Ṗ

ḭ ḱ ḱ ḭ
צּ ︣ אל

פּ
אל ḭ ṇ אל Ḯ
כֿ ṡ ךּ︡ צּ
קּ צּ Ṣךּ
ṇ ḭאל פּ ỄỂ
ṇ צּ ךּ ṕ

︡ Ṗ
צּ ḭṡ

Ṣךּ︡ ḭוֹ ךּ
ṇ אל ךּ Ḯ

Ἳ

ᾜᵤ
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59

︣ ḵ

ḭ2023 5 אל ḭ 6 ︡
ṡGX Ṣ ḭṡ Ṣ

︡ 7 ṇ 2 ︡ Ḯ
כֿ ḭ ḭ40 נּ
︡ḭ60 נּ ḭ ḭנּ ḭ

︡ ךּ Ḯ

ḭ ḭ 11 5 ḭ ḭוֹ
︡ ךּ ︡ Ḯ

ḭ קּ פּ ︣ ḭ
צּ Ḯ Ḯ



ṕḴṖ

ḭ ṇ ḭ
ḭ ḭ

60 פּ ṇ ךּ︡ ṇ פֿ שּ
בֿ ḭ Ḯ60 ṡ

ṇṢ ︡ ḭ ︡
︡ לּ ︡ ךּ Ḯ

ḱ ︡ ︡ ךּ ︣
   ṡ Ṣּצṡ Ṣ טּ Ḯ

ḱ נּ ḭצּ ︡ ךּ Ḯ ḭצּ
   ︡ לּ ︡ ךּ Ḯ
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ṕḴṖ
100 kW ︡ ḭ

פּ תּ
ṇ ︡ Ḯ ḭ

טּצּ Ḯ

ḱ צּ שּ Ḯ
קּ    ḭ ẓ

︣ ḭ קּ ︣ כֿ Ḯ
ḱṡ Ṣּצ לּ ︣
Ḯךּ   
ḱ ṇ ︡ ךּ Ḯךּ
ḱ ḱ ḭ

︡ ךּ Ḯךּ
ḱ ṕḴṖ טּ אל

ךּ Ḯךּ
ḱ ṇ ḭ ︠

Ḯ
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צּ
︢
︡ḭ ︢ ︡ḭ

פּ ︡
ךּ לּ ︣ Ḯ

ṇ ḭ
ṇ

תּ טּ Ḯ

ḱ ḭ
וֹ   
וֹ    ḭ
קּ    אל ḵ
ḱ ṕ ḱ Ṗ צּ
︡ḭ ︣ טּ Ḯ

ṇ ︣
ךּ ︡ ḵךּ

62

ṇ

ṇ ṕ core catcher Ṗ

https://www.bing.com/images/search?q=%e3%82%b3%e3%82%a2%e3%82%ad%e3%83%a3%e3%83%83%e3%83%81%e3%83%a3%e3%83%bc+%e5%8e%9f%e5%ad%90%e7%82%89&id=75BA31C516E7497532B8E7ED2748212303215314


ṇ ṕSMR)
ṇ ḭּףּף  30  

kW ḭ ṇ
︡ Ḯ

ṄḮ נּ ḭ ︡ ךּ אל
ṇ ṇ  VOYGERṕ Ṗ ḭ

ךּ ṕ Ṗ
︢ ḭ  7.7  kW 

ḭ 4 Ṍ 12 ︣ Ḯ
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ṇ ṕSMR)
ṥ Ṧṕ Ṗ צּ פּךּקּ

נּ ẓךּ︣ אל שּ ḭ
נּ פּ צּ Ḯךּ

ḱ ḭ טּ ḭצּ צּ שּ Ḯ
ḱ ︡ צּ ︡ ךּ ṕךּ

קּ כֿךּ ḭ ṖḮךּ
︡ לּ ḭ ṇ קּ Ḯךּ

ṕ ṇ ṇ 100 Ṗ

ṥ ṇ Ṧṕ Ṗ אל
︡ Ḯ ךּ ḭ ךּ ṕ Ṗḭ

צּ Ḯ
ḱ ︡ ︣ ḭ צּ אל Ḯךּ
ḱ ︡ ךּ קּ ḭצּךּ קּ Ḯךּ
ḱ ḭ קּ Ḯ
ṕ1966 7 1 ḳ16.6 kWḭ1970 3

1 ḳ36 kWḭ 100 kW Ṗ
ṥ Ṧṕ Ṗ ḭ ḭ ṇ

ḭ ṇ ḭ ḭ קּ Ḯ
ḱ ḭ שּ ḭ ךּ Ḯ
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ḱ  ḱ  ḱ

כֿ 3 1960 פּ
ḭ2010 צּ קּ

אל ךּ Ḯ
ḭ︡פּ︡ ︡ ḭשּ

ḭ ḭ2050 ףּ
ḭ21פּ נּ

ךּ Ḯ

כֿ ︣
קּ רּפּ ḭ︡ךּ

︣ ︡ ךּ רּפּ ḵךּ
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ṕFast Reactor Ḳ ︣ Ṗ
238 ṕ238ỠṖ אל

239 ṕ239 PuṖ ︡ צּ ︣
︡  2 MeV Ḯ
ḱ ḭֿכ אל ḭ

ḱ0,025 eV ṕ 1000 ểṖ אל
︣ Ḯ

ḭ ︣ ḭ
ḭוֹ ︣ ḭ צּ שּקּ

ṕ11ḭ 23Ṗḭ ךּ ṕ Ṗּצ
︡ אל Ḯ

 239 Pu  238Ỡ ṕMOXṖ טּ ḭצּ
אל כֿ צּ ךּ︡ ḭ

239 Pu ṕ12Ṍ20ṾṖ ךּ Ḯ

לּ ḭ 1.0צּ נּ ṕ︣
ḭ Pu239צּ אל ḭצּ
︡ Pu239 Ṗךּ ṕFR)ּצ ṕFBRṖḮ
1.0צּ ṕ Ṗ נּ

כֿ ḭFRּפ FBR ︣ כֿ ḭ Ḯ ḭ
︡ ︢Ḯ
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ṕFast Reactor Ḳ )

שּ︡ ḵ
100 Ṍ880ṹ   

67

12Ṍ20Ṿ

︡
239

350 Ṍ550ṹḭ

︡ ḭ
239 ṕ12Ṍ20ṾṖ 238

ṕMOXṖ לּ



ḭṡ Ṣ פּ
ḭ צּ ︡ ךּ ṕ 46tḲ

21.2t ḭ 15.4t ḭ 8.9t) כֿ ︡
פּ ṡ Ṣ צּ וֹ ךּ Ḯ
כֿ ḭ ṡ ︣ Ṣ
︣ כֿ ṇ ︣ ṡ Ṣ ︡ ṡ

Ṣ לּךּ ךּ Ḯ פּ לּ
ṡ וֹ Ṣנּ טּ Ḯ

ṕ Ṗ ︣ ḭPu ḭקּ
︣ שּ שּ כֿ︣ צּ ḭקּ
︡ ṇ צּ Ḯ

ḱ ṡ ︢ Ṣ קּ ḭ
אל ︠ שּ ḭ ךּ כֿ ḭ

︡ ךּ כֿ ḭ
ḭ ︡ ךּ ︡

ךּ כֿ ḭ ︣ ḱ צּ
כֿ︣ ḭ שּ Ḯ

ḭṡ Ṣ ḭ
ךּ פּ︡ נּ Ḯךּ
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כֿ ḭ ḱ ṕ
Ṗ צּ︡ Ḯֿכ ḭ ︢
צּ 2010קּ ︡ ךּ Ḯ2010 5 8
︡ ḭ 8 26 ḭ אל Ḯṕ

ḭ ︡ ḮṖ
כֿ צּ   ︡
ḭשּ︡ צּ ︡

צּ Ḯ ︡ כֿ
ṇ ṇּצ ךּ ףּ ￼ḭ ךּ ￼ קּ
︡ ḭצּ ṡצּ צּ Ṣ Ḯ

︡ ︢ תּ︣ ︡ Ḯ

ḭ2016 12 21 ḭ שּ
ṡ ︢ Ṣ ︡ Ḯṡ

︢ Ṣ ḭ
￼ḭ Ḯ כֿ פּ

טּ Ḯ ︢ 1994 4
Ḯ

︢ טּ ḭ200ṹ
אל ףּ ḭ

וֹ ︣ ḭ ךּ ךּ︡ Ḯ
1995 ḭ

640kg ṕ Ṗּצ ︡ḭ Ḯ
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 ṕHigh Temperature Gas - cooled Reactor ; HTGRṖ

︡ ḭ

1000 ṹ

︡ḭ
לּ

70

ḳ
ṕ
Ṗ

ṕ ḳ
︡ Ṗךּ

ṕ 5Ṍ20ṾṖ

ṕSiCṖ

ṇ

ṕHTTR)



ḭ ṕ 1mm ךּ ḭ
ךּ Ḯ ︡
ךּ ṖḮ ḭ

︣ ḭ ︣ כֿ︢ Ḯ
ḭ ךּ ḭ1000ṹ נּ

ךּ Ḯ
ḭ צּ ḭשּ ḭשּ

נּ ḭ שּ נּ Ḯ ḭ ︣
︡ ︡ḭ ︣ ︣Ḯ

פּ ︣ ḭ Ḯ ḭ
כֿ︣כֿ ḭשּ Ḯ

ḭ ︡ צּ Ḯ ḭ

︡ ︣ כֿ צּ Ḯ
ḭ ךּ צּ ךּ Ḯ

ḱ1000 ṹ קּ אל ךּ ṕךּ
נּ צּ ṖḮךּ

ḱ ︡ ḭ צּ ךּאל ḭ ︣ כֿ Ḯ
תּ צּ ︡ḭ פּ Ḯךּ

ḱ ︢ צּ ︢ Ḯṕ
צּ ︢ ḭ צּ נּ צּ ḮṖ  ḭ צּ Ḯ

ṕJAEAṖ ḭ ṕHTTR) ︡ḭ
2030 ︣ ︡ ךּ Ḯ
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︡ ḭ
︣

ṕIṖ ṕSṖ אל
︣ ṡỔỞ Ṣ Ḯ

ḭ ṕHI Ṗ
400 ṹ ṕH2Ṗ
ṕI 2Ṗ ︡ḭ Ḯ

ḭ900 ṹ
ṕH2SOỆṖ
ṕO2Ṗ 2

ṕSO2Ṗ
︡ḭ

ṕO2Ṗ Ḯ

2
︡

ṕH2OṖ
נּ ḭ

קּ Ḯ
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73

60
28Ni

ṕnuclear fission Ṗ ṕnuclear fusion Ṗ

( ḭ Ṗể טּ ṇ
A( ḳ + Ṗ= 60

ẓ Aṯ60ḳ ︡ צּ AṮ60ḳ ︡ צּ

( 235 )  =  ( 92 )  +  ( 143 )

ṧ nẓ

X1ṧ X2 ṧ 2.4  n  +  200  MeV

ể טּ ṇ

(D -T Ṗ

ṕHe 3.5  MeV ḭ n 14.1 MeV)
+                + n + 17.6 MeV 

ḭ ︢ ︣ Ṅּצ ︣
ṇ Ḯֿכ כֿ︣ ︣ ḭצּ

ṇ Ḯṕ Ṗ

 3

3

4



ת28ּ ךּ ךּ ḭ
ṇּצ אל

טּצּ Ḯּ︡︡פḭ צּ
צּ ךּ ︡ ︣ ḭ

ṇ ︡ קּ
לּ כֿ︣כֿ צּ ḭ
שּפֿצּ ךּאל
Ḯ ︣ ḭ
פּ רּ ḭṧ
ṕ Ṗ ḭ

1000 km אל
טּצּ Ḯ ḭ ךּ

1 ︡ וֹ Ḯךּ

ṕD -T )

ṕTṖṕDṖ

︣שּ פּ נּ ṇ
︡ ṇּצ שּ︡ ṡ

Ṣ ḭD-T ṕ Ṗ ṡ
1 ṹ ḭ 100 /cm 3 ︡ḭאל 1

︢ כֿ Ṣּכֿצ Ḯֿכ ḭ2007 10 ḭJT-60
JETṕ ṇ Ṗ ︡ אל כḭֿצּ

אל ḭ ︡ ︣ ḭ Ḯךּ
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︣כֿ
75

ṕ+Ṗ

ṕ Ṗ

ṕṨṖ
+1

T
ṕ Ṗ

1
3

D
1
2

H
1
1

+1

+1

-1

-1

-1

2
1H

1
1H

3
1H



︢
ṇ ךּ ︡ ḭ
ṕ Ṗ ︢ ḭ צּ ךּ Ḯṡ
Ṣ ṡ Ṣ טּצּ ḭצּ ṡ Ṣ צּ שּ אל ךּ Ḯ

ṡ Ṣ(ϸЕБІГІБ) ḭ ¬ЙЕЗЕЏЊІВУДІЦБІГЋЗІЈГІЉДЏЙДТМБІЙКПБІМº 
(toroidal chamber in magnetic coils) ּט Ḯ ṇ  ( ṇ ḭЙЕЗ)ḭ  
(БІГЋЗІ)ḭ  (ГІЉДЏЙ)ḭ  (БІЙКПБІ) ּצ ךּ Ḯṡ
Ṣ ḭ1950 ṇ ḱ ḭ אל Ḯ
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cv

cv

ṕ Ṗ
ḭ ḭ

ḭ ḱ
Ḯ צּ ︡ ךּ ḭ
︡ḭ ḱ ︣ Ḯ

ḭֿכ ︡ ITER Ḯ
ḭ︡פּ︡ קּ ︡ ךּ Ḯךּ

ḭנּ
ḱ ︣ Ḯ

ṇ ṇ ךּ ḭ ḭ
Ḯ
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ḭ
ṕ Ṗ

ḱ צּ Ḯךּ
ḱ לּ צּ ḭשּ צּ ︢ Ḯךּ
ḱ 1/7000 ︣ קּ Ḯ
ḱ צּ טּ ︢
ṕךּ שּ אל ךּ ṖḮ

ḱ ḭ ṕ Ṗּצ
ḭ ︣ טּצּ ḭצּ צּ Ḯךּ

ḱ ḭ ︢
ḭ ︣ Ḯṕ צּ Ṗ

ḱ ḱỏ-ở
צּ Ḯ

ḱ לּךּ ḭ פּ
צּ    ︣ ḭ פּפּצּ Ḯ
ḱ צּ Ḯ
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צּ ︡ לּ ︣
ṡ ṕḴṖ Ṣ?

ḱ ךּ ￼ḭ ︡
ḭ ︡ לּ ︡ ךּ Ḯ

ḱ ︢ בֿ לּ ︡ ךּ Ḯ
ḱ ︡ ︡ ḭ ︣ Ḯ

ṡ ṕḴṖ Ṣ ךּ נּ
ḱ ḱ ḭ

צּ Ḯךּ
ḱ ︡ פּ לּ וֹפּ ךּ ḭצּ ḭ

︣ Ḯךּ
ḱ ṇ קּ כֿךּ ḭ

ḭ ḭ ḭשּ
ךּ ךּ צּ ︡ ךּ Ḯ

ṡ כֿ קּ ḭ︡ךּ
︡ ךּ כṢֿךּ ︢ Ḯקּ

79



ṡ Ṣ נּ ḭ
ṇ

ךּ ḭ ךּ ṇṕ Ṗ
צּ ︣ ḭ ︡
ḭ צּ שּ טּצּ Ḯ ḭṡ
Ṣ פּ ︣ ḭצּ

ṕOCCTOṖ ︡ ︡ Ḯ

ḱ ḭ ︡ צּ ḭ
   ṕ ḭ Ṗ בֿטּ ḭ
︡שּ︡    ךּ
ḱCO2 ḭ נּ

Ḳ2020
ṕ CO2 ḭ Ṗ

︡ḭ ṕ Ṗ אל ךּ Ḯ︡ךּ
צּ ḭ ︡ ḭ4 ︣ צּ Ḯ
אל Ḯ
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ṕ ḳ  OCCTOṖ
ṇ ( Ṗ ︡ ḭ ḱ

︡ ṕkWṖ

( ḭổ-ớOWERḭ ḭ Ṗ

ṕ 10 Ṗ

kW
h

   

ṕ Ṗ Ḵ

( ḭ ḭ Ṗ
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ṕ Ṗḳ kWử
ḭ ṕ Ḳ שּ

Ṗḳלּ kW ︣ ṕ Ṗ



ḭצּ ṕ Ṗ ︡ ḭ
ṕ Ṗ לּ 2 טּ Ḯּפ ḭ1 ḭ

ṕ ḳ kWử Ṗ
טּ Ḯֿכ ṡ Ṣ אל ḭ ḭ

וֹ ḭשּ ḭ
צּ Ḯ
ḭ︡פּ︡ וֹ ḭ ︣

︣ צּ רּ︣קּ ṕ ḭ
צּ ︡ ḭקּ קּ ךּ ṖḮ

כֿ ḭṡ Ṣ פּ ︣ ḭ
ḭ ṕkWṖ ︣

︣ ︡ḭ ︡ צּ
ḭשּ ḭ ︡ לּ ︡ Ḯ
כֿ צּ ḭ צּ פּ ︡

︡ ︡ḭ צּ
︡ כֿ וֹ Ḯ

ḭ ︡ḭ שּ
אל Ḯ ḭ ḭ

ḭ ︡ ḭ︡ שּ ḭ ṕkWṖ ︣
ṕ Ṗ ḭ ︣שּ Ḯ

Ḵ 82



ṕ4 ︣ צּ Ṗ

ṕ Ṗ * **
ṕ kW Ṗ ṕ /ỰỢ Ṗ ṕ Ṗ

  2020        2024             1 6,769 14,137          1 5,987

  2021        2025             1 6,534 3,495 or 5242      5,140

  2022        2026             1 6,271            5,832 -  8,748      8,425

  2023        2027             1 6,745 7,638 ² 13,287   1 3,140

  2024        2028             1 6,621           8,785 ² 14,812   1 8,506

Å 2020 ḭ פֿ
** נּ ṙ Ḳ2010 אל

︡ ḭ ṕ2024 ḳ
42%Ṗ ︡ ḭ ︣ Ṛ

83



ḳ2020 ṕ ḳ2024 Ṗ
Ḳ1,331 kWṕ7.9% Ṗḭ Ḳ2,138 kWṕ12.8% Ṗḭ 4,126

kW ṕ24.6% ṖḭLNGḲ7,094 kWṕ42.3% Ṗḭ Ḳ 1,342 kWṕ8.0% Ṗḭ
Ḳ 704 kWṕ4.2% ṖḲ ṇ 29 kWṕ0.2% Ṗ

ḳ2021 ṕ ḳ2025 Ṗ
Ḳ1,309 kWṕ7.6% Ṗḭ Ḳ2,247 kWṕ13.1% Ṗḭ Ḳ4,098

kW ṕ23.9% ṖḭLNGḲ7,232 kWṕ42.2% Ṗḭ Ḳ1,348 kWṕ7.9% Ṗḭ
Ḳ 856 kWṕ5.0% Ṗḭ ṇḲ31 kWṕ0.2% Ṗ

ḳ2022 ṕ ḳ2026 Ṗ
Ḳ1,331 kWṕ7.9% Ṗḭ Ḳ2,138 kWṕ12.8% Ṗḭ 4,126

kW ṕ24.6% ṖḭLNGḲ7,094 kWṕ42.3% Ṗḭ Ḳ 1,342 kWṕ8.0% Ṗḭ
Ḳ 704 kWṕ4.2% ṖḲ ṇ 29 kWṕ0.2% Ṗ

ḳ2023 ṕ ḳ2027 Ṗ
Ḳ1,306 kWṕ7.9% Ṗḭ Ḳ2,196 kWṕ13.3% Ṗḭ Ḳ3,876

kW ṕ23.5% ṖḭLNGḲ7,095 kWṕ43.0% Ṗḭ Ḳ1,217 kWṕ7.4% Ṗḭ
Ḳ776 kWṕ4.7% Ṗḭ ṇḲ30 kWṕ0.2% Ṗḭ

Ḳ8 kWṕ0.05% Ṗ

ḳ2024 ṕ ḳ2028 Ṗ
Ḳ1,286 kWṕ7.5% Ṗḭ Ḳ2,254 kW ṕ13.1% Ṗḭ Ḳ3,978

kW ṕ23.2% ṖḭLNGḲ6,593 kWṕ38.4% Ṗḭ Ḳ1,117 kWṕ6.5% Ṗḭ
Ḳ1,204 kWṕ7.0% Ṗḭ ṇḲ40 kWṕ0.2% Ṗḭ
Ḳ24 kWṕ0.1% Ṗḭ ṕ ṖḲ71 kWṕ0.4% Ṗḭ :640 kW

ṕ3.7% Ṗ ṕ פּ ḭ ḱ ṇ Ṗ
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ṇ ṕ2023 Ṗ
ṕ Ṗ ︡ḭ

ṕ Ṗ אל ךּ Ḯ︡ךּ צּ ḭ
︡ ḭ4 ︣ צּ Ḯ
ḭ ︣ ḭ פּ
︡ḭ ḭ נּ ḭ20 קּ כֿ
אל וֹ ḭ︡פḮּ︡ךּ ︡

ṕךּ קּ שּ טּצּ ṖḮ
ḭ לּ ṕ

Ṗ ︣ ḭ ︡ ṕ
Ṗ אל ︣ ṕ

ḭ אל ḭ ￼ פּ Ṗּצ
︡ אל ṡצּ ṇ Ṣ ḭ
︡ ︡ ךּ צּ
טּ Ḯֿכ ṇ אל ḭ 20

צּ אל Ḯ אל Ḯ
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ṇ ︡
CO2 צּ

Á2023
ẇ 3 ṕ Ṗ
ẇ ṕ Ṗḱ

     1ḱ2 ṕ Ṗḱ
      4ḱ5 ṕ Ṗḱ ṇ
      ṇ LNG ṕ Ṗḱ LNG 7ḱ8
     ṕ Ṗḱ LNGפּ
ẇ ḭ

Á2024
ẇ ṕ Ṗḭ 3 ṕ Ṗḭ

6 ṕ Ṗ
ẇ 1 ṕ Ṗḱ

      LNG ṕ Ṗḱ ṇ LNG
    ṕ Ṗ
ẇ ḭפּ ḭ
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ṡ ṢṡLNG Ṣ ṕ2023 ḭ2024 Ṗ

ṡ Ṣ ḭ 1 ṕ2023 Ṗ 400 kWḭ 2 ṕ2024 Ṗ
500 kW Ḯ צּ ḭ
טּצּ ḭצּ Ḯ 2ךּ פּ

צּ ḭ ︣ צּ ḱ
ךּ Ḯ ṇ ḭ20 kW 5.2 kW
צּ ︡ Ḯ ṡLNG Ṣ ḭ צּ
Ḯ 1 600 kWḭ 2 200 kW צּ ḭצּ

575.6 kWḭ131.5 kW טּ Ḯ

Ḳ ṇ ṡ
ṇ Ṣ ṇ

CO2 ᾛʺ
ᾖ◓ Υ ΨϬ
ϛϥ
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https://www.meti.go.jp/shingikai/enecho/denryoku_gas/jisedai_kiban/system_review/pdf/103_03_03.pdf
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ṡ Ṣ ︣
ḭ

ḭ
ḱ ṕCO2Ṗ ???

︢ ṇ ︣ צּ
טּ צּ￼ ḭךּ ḭ ḭ פּ

ḭ ḭּט ḭ 
CO2 אל ￼ḭ אל ḭ

CO2 ︣ Ḯ

AI ︣  ???
AI ḭ ︣

טּשּ Ḯ ḭ
ṇ AI לּףּ ︣ צּ טּ Ḯ

ṡ Ṣקּ ךּ
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צּ וֹפּ נּ Ḯ
כֿ ḭ ṇ ︣
ḭ100 ︡ לּףּ ︡ ךּ Ḯ

ἲ צּ נּ ḭ Ḯ

︢ ṇ ḭ
ṇ ︣ ḭ

ἲ צּ ḭ Ḯ
ḭ￼נּףּ Ḯ
ךּ צּ ︣ Ḯ
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90

︣ CO2

ṕppm= 0.0001%) 
ṕ2013 400ppḭ24 425ppm Ṗ

350 ppm ἲ 400 ppm 25   
   300 ppm ἲ 350 ppm 90

צּ  CO2

CO2ḭO2 

CO2  CO2  O2

ṕ ppm Ṗ ṕ ppm Ṗ ṕṾṖ
1950     0.4 / 318         20.9
2013      4 / 400         20.9 
2100 20 / 1,000 20.8
3000 30 / 25,000 18.4

ḱ24 ḳ ; צּ שּ ṕ Ṗ
ḱ ḳ18Ṿ Ḳ6Ṿ

( CO2)

IPCC 4ⱳ ᴣ ⁮ 2007ṓ χД˔ЌϢϤ

ṓ HP

CO2



︣לּ ḭ ṕCO2Ṗ ḭ
קּ Ḵפּ

ṝ1Ṟ ṇṕ Ṗ ṕ Ṗ

ṇ צּ
נּ כֿ ḵלּ
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ḱ
ḭ טּצּ ḭ

שּךּ טּצּ ︡ ךּ כֿ

ḱ ṕ Ṗ ṕ2010 -2015Ṗ
5 13 ṕ89 Ṗ
ṕ ḭ 9 ︡ḭ

︡ Ṗ

ṇ100 Ṿ



ể ḭ1 טּ ṇ

 (kcal Ṗ
10 ṕ  2000             (ךּ

10 Ṍ 1 ṕ ḭ Ṗ 5000 
7000 ṕ ḭ Ṗ 12000 
15 C [ ẓ ( ︡ )]        26000
ṕ1698 ṇ . ṕ ṖḲ

1760 Ṍ1840 Ṗ

19 C ṕ Ḳ ) 77000
ṕ ) 160000
ṕ ) 280000
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ᴾ ĶṥŘĹĠśĿĹŘĹēŊĸ
פֿ ĽŪƏƭŰ:ľ Ě'

ḭ ṇ צּ
טּ ḭצּ ṇ צּ ךּ︡ קּ
︣ Ḯךּ
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￼ḭ

ṇṕ Ṗ
ḵ

ṇ


